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ABSTRACT 

When operating in the perfect gas regime of plan- 
etary atmospheric gases in conventional wind tunnels, 
and in solving two-dimensional flow problems, the aero- 
dynamicist requires charts illustrating the variation of 
oblique shock-wave angle with turning angle. For this 

purpose, the oblique shock-wave angle a s  a function of 
turning angle has been computed for Mach numbers to 10 
in accordance with the shock theory. Specific heat ratios 
of 1.20, 1.26, 1.40, and 1.67 were used. 

Using the proper trigonometric relations, these 
charts may be used in conjunction with normal shock 
tables to obtain the thermodynamic characteristics of a 
perfect gas behind an oblique shock wave. 
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I. INTRODUCTION 

In t h e  continuum regime of gasdynamic flow, a shock  wave i s  formed ahead  of a body exposed  to a 

supersonic  gas stream, as shown in the following ske tch .  For the turning angle  or body angle  ( 8) suff ic ient ly  

small, the  shock wave will be a t t a c h e d  to  the body. T h e  angle  ( E )  of a shock  a t tached  to a two-dimensional 

body m a y  be obtained from the enc losed  charts .  The  shock-wave angle  ( E )  i s  required by the  aerodynamicis t  

in order to re la te  the thermodynamic condi t ions behind the  shock to those  in  the freestream ahead of t h e  shock. 
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II. DESCRIPTION OF CHARTS 

The relat ionship between the Mach number (M), ra t io  of spec i f ic  heats ( y ) ,  and turning ( 6 )  deter-  

mining the two-dimensional shock-wave angle  w a s  computed from shock  theory (Ref. 1) 

1 Y + 1  M2 

tan F 2 M~ s in2  E -  1 

The angle  for shock detachment (E,) w a s  then computed as follows 

T h e  variation of turning angle (8 )  with shock-wave angle  ( E )  i s  i l lus t ra ted  in  Figs. 1 through 4 for 

r a t i o s  of s p e c i f i c  heats ( y )  of 1.2, 1.26, 1.40 a n d  1.67, respect ively.  On these charts ,  Mach number (M) i s  a 

parameter, with Mach numbers from 1.2 to 10.0 being i l lustrated.  

These same va lues  of the  var iab les  a r e  cross-plotted in  F i g s .  5 through 8, with the  variation of 

shock-wave a n g l e  with Mach number being i l lustrated.  The turning angle  with v a l u e s  from 0 to 50 d e g  h a s  

been plot ted as a parameter in  t h e s e  curves.  

In order  to i l lustrate  the ef fec t  of the  rat io  of spec i f ic  h e a t s  on the shock-wave angle, t h e  variation 

of shock-wave angle  with the rat io  o f  specif ic  h e a t s  h a s  been cross-plot ted in  F i g  9 for a Mach number of 

5.0, and for severa l  va lues  of  the turning angle. It may be s e e n  that the  shock  tends  to  s teepen  as the rat io  

of  spec i f ic  h e a t s  i n c r e a s e s  for all f ini te  v a l u e s  of turning angle .  
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111. USE OF CHARTS 

The charts  may be u s e d  in computing the thermodynamic quant i t ies ,  dens i ty ,  temperature, Mach 

number, and pressure behind an oblique shock  on a two-dimensional body where t h e s e  curves a r e  appl icable ;  

i .  e., low enthalpy, a t tached  shock, e tc .  T h e  ra t ios  of the thermodynamic quant i t ies  a c r o s s  t h e  shock  may b e  

obtained from the normal shock relat ionships  found in gas-flow tables (Ref. 2) simply by reading the tabulated 

v a l u e s  a t  the Mach number normal to the shock  ( M I ) ,  ra ther  than the  freestream Mach number ( M ) ;  that  is 

M ,  = M s i n  E 

T h e  Mach number behind the oblique shock ( M i )  may be obtained by adding  vectorially the  Mach 

number paral le l  to the  shock ( M  c o s  E )  and the  Mach number ( M 2 )  behind the normal shock wave. M ,  i s  found 

in the table  a t  M, .  

Solving the geometry, the magnitude of the Mach number i s  

M i  = ( M 2  c o s 2  E + M ; ) %  

and t h e  direction, of course,  i s  paral le l  to the body a t  angle  6 from the freestream. 
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NOMENCLATURE 

M 

y ratio of spec i f i c  heat s  

6 

mach number ahead of oblique shock 

stream-turning angle (deg from freestream direction) 

shock-wave angle (deg from freestream direction) E 
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Fig. 1. Variation of turning angle with shock-wave angle  
(y = 1.20) 
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Fig .  2. Variation of turning angle  with shock-wave angle  
( y =  1.26) 
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Fig .  5. Variation of shock-wave angle with Mach number (y = 1.20) 
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Fig.  8. Variation of shock-wave angle  with Mach number (7 = 1.67) 
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Fig. 9. Variation of shock angle with the ratio of specific heats 
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